
United States Patent (19) 
Morton 

54 

(76) 

21) 
22 

63 

51 
(52) 
58) 

56 

3,456,263 

INTER-LINER FOR A SAFETY HELMET 
AND METHOD OF ASSEMBLY 

William G. Morton, Box 841, 
Hopewell, Va. 23860 

Appl. No.: 825,405 
Filed: Aug. 17, 1977 

Inventor: 

Related U.S. Application Data 
Continuation-in-part of Ser. No. 721,871, Sep. 9, 1976, 
Pat. No. 4,044,399, which is a continuation-in-part of 
Ser. No. 570,712, Apr. 23, 1975, Pat. No. 3,992,721, 
which is a continuation-in-part of Ser. No. 360,950, 
May 16, 1973, Pat. No. 3,882,546, which is a 
continuation-in-part of Ser. No. 323, 195, Jan. 12, 1973, 
abandoned. 

Int. Cl’................................................ A42B 1/08 
U.S. Cl. ..................................................... 2/423 
Field of Search ................... 2/410, 411, 414, 415, 

2/425, 209, 423 
References Cited 

U.S. PATENT DOCUMENTS 

7/1969 Aileo ........................................ 27423 
3,470,564 10/1969 Aileo ........................................ 2/423 

11 4,114,197 
45 Sep. 19, 1978 

3,535,710 10/1970 Aileo .................................... 2/423 X 
3,911,496 10/1975 Arai et al. ................................ 2/423 

Primary Examiner-Werner H. Schroeder 
Attorney, Agent, or Firm-Jacox & Meckstroth 
57 ABSTRACT 
A substantially rigid dome-shaped shell encloses a de 
formable cap-like headpiece of uniform thickness. The 
headpiece conforms to the contour of the wearer's head 
and cooperates with the shell to define a dome-shaped 
cavity which is sealed around its bottom portion. The 
cavity is filled with an expandable plastics foam mate 
rial which hardens and conforms to the contour of the 
headpiece. In one embodiment, spacer members are 
positioned within the cavity and extend from the head 
piece to the shell for positioning the shell relative to the 
headpiece, and in another embodiment, the shell is 
spaced within a slightly larger outer shell by resilient 
energy-absorbing foam pads. In a further embodiment, 
separate earpiece units are contour fitted to the wearer's 
head with a resilient expandable plastics foam material, 
and a modified helmet shell is used as a holder for fitting 
the headpiece and earpiece units. 

11 Claims, 14 Drawing Figures 
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1. 

NTER-LNER FOR A SAFETY HELMET AND 
METHOD OF ASSEMBLY 
RELATED APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 721,871 filed Sept. 9, 1976 now U.S. Pat. 
No. 4,044,399, which is a continuation-in-part of appli 
cation Ser. No. 570,712, filed Apr. 23, 1975, now U.S. 
Pat. No. 3,992,721, which is a continuation-in-part of 
application Ser. No. 360,950, filed May 16, 1973, now 
U.S. Pat. No. 3,882,546, which is a continuation-in-part 
of Ser. No. 323, 195, filed Jan. 12, 1973, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention is in the field of safety helments having 
form-fitting protective headgear liners and their fabrica 
tion. Protective headgear or safety helmets are well 
known and used in many fields of endeavor such as 
firefighting, construction work, police work, and sports 
as well as by aircraft crew members. For example, U.S. 
Pat. Nos. 2,901,750, 2,901,751, 2,908,943, 3,320,619 and 
3,413,656 disclose safety helmets of various construc 
tions. 

In many instances, it is advantageous to have a liner 
which may be inserted between a hard outer protective 
shell and the individual wearer's head and which will fit 
snugly and conform exactly to the shape of the wearer's 
head. One such instance is in the case of an aircraft crew 
member who, in the course of his duty, is subjected to 
very large fluctuations in gravity pull. In the past, off 
the shelf type headgear or helmets worn by aircraft 
crew members have not had form-fitting liners and have 
tended to move from side to side or from back to front 
(or the reverse) when the wearer was subjected to fluc 
tuations in gravitational pull. Such headgear move 
ments have been known to cause injury to the wearer. 
Methods have been devised for fabricating form-fit 

ting headgear liners. These methods have required that 
a mold of the wearer's head be prepared before fabrica 
tion of the liner can be accomplished. The required 
mold-making and other complicated steps required in 
the prior art have caused the methods to be time con 
suming and expensive. Furthermore, liners prepared by 
the prior art methods have tended to be heavy and thus 
uncomfortable to the wearer. 

SUMMARY OF THE INVENTION 

The present invention is directed to a safety helmet 
which incorporates a lightweight, inexpensive and 
form-fitting protective headgear liner which can be 
quickly fabricated by anyone given a small amount of 
equipment. The method requires as equipment a cover 
or deformable headpiece for the wearer's head, such as 
a bathing cap commonly worn by female swimmers, a 
flexible dam or barrier which will fit tightly around the 
wearer's headjust below the desired lower level of the 
form-fitting liner, to fill the space between the head and 
lower rim of a rigid outer shell. Also required is a form 
ing agent or expandable plastics foam material from 
which forms the core"of the liner. In one embodiment, 
the lower edge portion of the deformable headpiece is 
attached to the lower edge portion of the helmet shell, 
and spacers are used to position the shell relative to the 
headpiece before the space is filled with the foam mate 
rial. In another embodiment the headpiece and shell 
assembly are positioned as a removable unit within a 
slightly larger outer shell by energy absorbing pads. In 
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2 
still another embodiment, removable earpiece units are 
contour fitted to the wearer's head, and a modified 
outer helmet shell is used as a holder for fitting the 
removable headpiece and earpiece units. 
Other features and advantages of the invention will 

be apparent from the following description, the accom 
panying drawings and the appended claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view of the dam and attached headpiece of 
this invention and shows a rigid outer shell spaced 
above the dam and headpiece; 

FIG. 2 is a section showing dam, headpiece, and 
outer shell placed on an individual wearer's head prior 
to a foaming operation; 

FIG. 3 is a perspective view of a safety helmet con 
structed in accordance with another embodiment of the 
invention; 

FIG. 4 is a vertical section of the helmet shown in 
FIG. 3 prior to receiving the expandable foam liner 
material; 
FIG. 5 is a vertical section of the completed safety 

helmet shown in FIG.3 and illustrating its contour fit to 
an individual's head; 

FIG. 6 is a section of the safety helmet assembly as 
generally taken on lines 6-6 of FIG. 5; 
FIG. 7 is an exploded perspective view of a safety 

helmet constructed in accordance with another embodi 
ment of the invention; 
FIG. 8 is a vertical section through the inner helment 

shell and headpiece assembly shown in FIG. 7 prior to 
receiving the expandable foam material; 
FIG. 9 is a section similar to FIG. 8, but taken after 

receiving the foam material, and illustrating its contour 
fit to an individual's head; 

FIG. 10 is a side elevational view of the inner shell 
and headpiece assembly shown in FIG. 9 and showing 
its position within the outer helmet shell also shown in 
FIG.7; 
FIG. 11 is an enlarged fragmentary section taken 

through the top portion of the helmet assembly shown 
in FIG. 10; 

FIG. 12 is an exploded perspective view of a fitting 
helmet shell and of contour fitted removable headpiece 
and earpiece liner units for an outer helmet shell; 

FIG. 13 is a fragmentary section of the fitting helmet 
shown in FIG. 12 and illustrating the position of an 
earpiece unit prior to contour fitting to the wearer's 
head; and 
FIG. 14 is a fragmentary section similar to FIG. 13 

and illustrating an earpiece unit after being contour 
fitted and installed within an outer helmet shell. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2, the head of the individual 
wearer is used as the mold for the individual's contour 
fitted protective headgear or safety helmet liner. A 
dam, which may be constructed of flexible foam rubber 
or an inflatable rubber bladder or any other deformable 
material which will allow the dam to fit snugly between 
the wearer's head and the lower rim of an outer shell, is 
placed on the wearer's head. A suitable dam 2 is shown 
in FIG. 1 of the drawing. The dam 2 shown by FIG. 1 
is constructed with two tightly fitting ear flaps 3 which 
serve to protect the wearer's ears during the foaming 
operation described later. FIG. 1 also shows a rightly 
fitting soft rubber headpiece 1 over the top of the wear 
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er's head. A bathing cap of the type commonly worn by 
female swimmers is perfectly suitable as a headpiece 1. 
The bathing cap should be glued, or attached in some 
manner, to the inner headband portion of the dam to 
prevent foaming agent from flowing through during the 
later described foaming operation. 
FIG. 1 of the drawing also shows a dome-shaped 

outer shell 4 to be placed over the dam 2 of FIG.1. The 
outer shell 4 should be the top portion of a protective 
headgear for which a form-fitting inner liner is desired. 
For example, if one wishes to prepare form-fitting inner 
liners for aircrew headgear, one needs simply to remove 
the portions which normally cover the ears from one 
headgear, drill one large opening 5 of about 3 inch 
diameter in the top center of the crown and several 
small openings 6 of about 3/16 inch diameter around the 
perimeter of the crown, and one has an outer portion of 
a mold which is suitable for the preparation of many 
form-fitting liners. FIG. 1 shows a brim 7 attached to 
the outer shell 4. The brim is simply to prevent any 
foaming material from running over on to the wearer 
during the foaming step. The large hole 5 is drilled for 
the purpose of allowing a foaming material to be poured 
in, and the small holes 6 are to allow sufficient air to 
escape during the foaming action, thus, allowing the 
foaming agent to fill the entire cavity between the wear 
er's head and the inside of the protective headgear outer 
shell. 

FIG. 2 shows the dam 2 with ear flaps 3 and head 
piece 1 placed on a wearer's head. FIG. 2 also shows the 
outer shell 4 placed over the dam 2. Points 8 and 9 and 
all points around the dam therebetween are of particular 
interest. The outer shell should fit snugly against dam 2 
at points 8 and 9 and all points between 8 and 9 around 
the outer perimeter of the dam2. The number 10 is used 
to designate an open space or dome-shaped cavity de 
fined between the headpieces 1 and the inside of outer 
shell 4. 
To fabricate a form-fitting liner, one simply places the 

apparatus shown by FIG. 1 together on the head of the 
wearer as shown in FIG. 2 and fills cavity 10 with a 
foaming material through large opening 5 and waits for 
the material to foam. When placing the apparatus on a 
wearer's head, care should be taken to smooth down the 
headpiece 1 and eliminate all air bubbles thereunder. 
Care should also be taken to adjust the apparatus in a 
comfortable position on the wearer's head because, 
once fabricated, the form-fitting liner will be fairly rigid 
and its shape will not be readily adjustable. Male mem 
ber 12 and female member 13 of clips suitable for fasten 
ing the apparatus together are shown by FIG. 1. The 
handle 14 is simply to facilitate placing of the apparatus 
on the wearer's head. 
There are many chemical agents or compounds avail 

able commercially which, when appropriately mixed, 
agitated or otherwise activated will react to form a rigid 
or semirigid foam substance. Any materials, com 
pounds, liquids or combination thereof which, when 
appropriately activated, will create a foam to give the 
properties desired for the use intended is suitable. Cer 
tain of the compounds used in the plastics industry are 
particularly suited for this purpose. It is preferable that 
the foaming agent should foam without too great an 
exotherm. Temperatures above about 130 F. are un 
comfortable to the wearer since the wearer has only a 
thin headpiece between his head and the foam while the 
foaming action is taking place. 
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4. 
If one wishes to cover the fabricated form-fitting liner 

with soft leather or some other material, after it has 
been fabricated, one may fabricate another head cover 
of the same thickness as the leather to be used and place 
this second head cover on the wearer's head under the 
headpiece 1 while the foaming operation is being car 
ried out. This second head cover may be fabricated 
from an insulating material to protect the wearer's head 
from any excess heat that may be generated by the 
foaming action. It this is done, the permissible foaming 
action exotherm may be greatly increased. A second 
headpiece 11 is shown on the wearer's head in FIG. 2 of 
the drawing. 
More than one large opening 5 may be drilled in the 

crown of the outer shell 4. The number of small open 
ings 6 drilled in the upper crown of the outer shell will 
effect the density of the foam liner. Generally, the more 
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holes, the less dense will be the finished foam liner. The 
number of small openings may be varied from 6 to 60 or 
more depending on the final density desired. 

Before carrying out the foaming operation described 
above, all parts of the apparatus which will come into 
contact with the foam should be coated with a parting 
agent such as silicone rubber. This will facilitate re 
moval of the foamed form-fitting liner from the head 
and outer shell. 

It has been stated above that there are chemical 
agents commercially available which will produce suit 
able foams and that temperatures created around the 
wearer's head by the foaming action should not exceed 
about 130 F. Experimentation has shown that the for 
mulation disclosed in the following example will pro 
duce an excellent final product. This formulation is not, 
to the best of the inventor's knowledge, available com 
mercially. 
A foaming material suitable for use in the practice of 

this invention may be prepared and used in the follow 
ing manner. First, component I consisting of 190 grams 
of diphenylmethane diisocyanate and 21 grams of tri 
chloromonofluoromethane is mixed in a first container. 
Second, component II consisting of 160 grams of a 
polyoxypropylene polyol having an average molecular 
weight of about 425, 2.4 grams of silicone glycol co 
polymer having an average molecular weight in the 
range of about 750 to 3000, 48grams of trichloromono 
fluoromethane, and 0.52gram of dibutyl tin diaostate is 
mixed in a second container. After mixing, component I 
and component II are poured together in a 1 to 7 ratio 
by weight and allowed to start a bubbling action. As 
soon as the bubbling action begins, a suitable amount of 
the mixed components is poured through large opening 
5 of the apparatus which has been previously fitted 
together as shown by FIG. 2 of the drawing. The foam 
ing formulation described herein will foam to give a 
form-fitting headgear liner which is very light and of 
excellent color and strength. The foaming action de 
scribed herein produces a gas that is somewhat toxic. 
Thus, the foaming step should be carried out in a well 
ventilated area. l, 

It should be emphasized here that the foaming agent 
disclosed herein is not the only foaming agent which 
may be used in practicing this invention. Any foaming 
agent may be used which foams to give the properties 
desired and which does not produce temperatures 
above that which can be tolerated by the individual 
wearer. Shielding may be utilized if a foaming agent 
with a high exotherm is used. It should also be empha 
sized that, although a headgear liner for a headgear 
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which will be worn by an aircrew member is used as the 
example in this specification, form-fitting headgear lin 
ers have applications in many other fields of endeavor. 
Another embodiment of this invention should be 

pointed out. In all of the specification hereabove it has 
been assumed that the rigid outer shell was to be used 
over and over again as the outer portion of a mold for 
form-fitting inner liners. Now let us consider the case of 
an individual wearer who wishes to use his own head 
gear as the outer portion of a mold. This wearer could 
simply procure a dam, a bathing cap, a foaming agent, 
and his own headgear as the necessary materials for 
practicing this invention. He could then drill one or 
more openings in the top of his own headgear shell, 
remove any padding spacers, headband or other fitting 
devices which he had previously used, place a bathing 
cap, a dam and the headgear shell on his head as de 
scribed above, and carry out the foaming step. The 
wearer would then have his own personal headgear 
shell fitted withh a form-fitting liner inside of it. The 
wearer would never have to remove the liner from 
inside of the headgear. 

Referring to FIGS. 3-6 which show another protec 
tive headgear or safety helmet constructed in accor 
dance with the invention, a dome-shaped helmet shell 
25 includes a top portion 26 and depending ear portions 
27 which are integrally molded of a substantially rigid 
plastics material. A set of four openings or holes 29 are 
formed within the top portion 26, and a spacer pad 31 
(FIG. 4) is attached to the inner surface of the helmet 
shell 25 adjacent the hole 29 by a suitable adhesive. 
Preferably, the spacer pad 31 is formed of a rigid ex 
panded foam material such as polyurethane or the foam 
material referred to above. Another spacer pad in the 
form of an elongated band 32 is attached to the forward 
edge portion of the shell 25 adjacent the lower edge of 
the shell. 
A deformable or stretchable cap-like headpiece 35 is 

positioned within the shell 25 and has a lower peripheral 
edge portion 37 which is attached to the lower periph 
eral edge portion of the shell 25 by a suitable adhesive. 
The headpiece 35 also includes depending ear portions 
38 (FIG. 6) which are bonded by adhesive to the inner 
surfaces of the corresponding ear portions 27 of the 
helmet shell 25. The annular earpieces commonly used, 
are not shown for purposes of simplification. Prefera 
bly, the headpiece 35 consists of a stretchable or elastic 
layer 39 of resilient rubber foam material, for example, 
such as the material manufactured and produced by 
Uniroyal, Inc. marketed under the trademark Ensolite. 
This material also includes a stretchable woven fabric 
41 which is bonded or laminated to the layer 39 of foam 
rubber material. 
The final step in constructing the safety helmet 

shown in FIG. 3, includes positioning the assembly of 
the helmet shell 25 and the headpiece 35 on the head of 
the individual who is to wear the helmet. The shell 25 is 
pressed downwardly causing the headpiece 35 to 
stretch into a tight-fitting conforming relation to the 
contour of the individual's head and until the headpiece 
abuts the spacer members or pads 31 and 32, as shown 
in FIG. 5. As expandable polyurethane foammaterial 42 
or the foam material described above in connection 
with FIGS. 1 and 2, is poured into the dome shaped 
cavity 45 through one or more of the holes 29 so that 
after the material expands, the entire cavity 45 is filled 
with the foam material 42 as shown in FIGS. 5 and 6. 
The expansion of the foam material also assures that the 
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6 
deformable or stretchable headpiece 35 is pressed firmly 
against the individual's head and thereby assures a per 
fect fit of the headpiece 35 to the contour of the head. 

Referring to FIGS. 7-11 which show a safety helmet 
constructed in accordance with another embodiment of 
the invention, a deformable or stretchable headpiece 55 
(FIG. 8) is constructed of the same material as described 
above in connection with the headpiece 35, including a 
stretchable woven fabric 56 which is laminated or 
bonded to a layer 57 of foam rubber material so that the 
headpiece 55 has a uniform thickness. The lower pe 
ripheral edge portion 59 of the cap-like headpiece 55 is 
attached by adhesive to the lower peripheral edge por 
tion of a substantially rigid dome-shaped inner helmet 
shell 60 (FIG. 8) in the same manner as the peripheral 
edge portion of the headpiece 35 is attached to the 
peripheral edge portion of the helmet shell 25, referred 
to above in connection with FIG. 4. The shell 60 also 
includes a set of four openings or holes 62 similar to the 
helmet shell 25 and supports corresponding rigid foam 
spacer pads 63 and 64 in the same manner as the spacer 
pads 31 and 32 are supported by the inner surface of the 
helmet shell 25. Preferably, the inner helmet shell 60 is 
formed of a substantially rigid plastics material such as 
a thin layer of molded fiberglass. 
The assembly of the headpiece 55 and inner helmet 

shell 60 is placed on an individual's head (FIG. 9) so 
that the deformable headpiece 55 stretches until it abuts 
the spacer pad 63 and 64. The dome-shaped cavity 65, 
defined between the headpiece 55 and shell 60, is then 
filled with an expandable foam material 68 in the same 
manner as mentioned above in connection with FIG. 5. 
After the foam material 68 sets and hardens, a pad 72 
(FIG. 7) of high energy, absorbing resilient foam mate 
rial is attached by adhesive to the top surface of the 
inner shell 60, and a band 74 of the same material is 
attached by adhesive to the turned up lower peripheral 
edge portion 59 of the headpiece 55, as shown in FIG. 
7. 
The helmet liner assembly including the headpiece 

55, shell 60 and resilient spacer pad 72 and band 74, is 
positioned within an outer helmet shell 80. Preferably, 
the outer shell 80 is molded of a rigid plastics material in 
the same manner as the helmet shell 25 discussed above 
in connection with FIG.S. 3-6. The helmet liner assem 
bly is secured within the helmet shell 80 by adhesive 
which attaches the resilient spacer pad 72 and band 74 
to the inner surface of the shell 80. 

Referring to FIGS. 12-14 which illustrate a further 
modification of a safety helmet liner assembly and the 
method of fitting the liner assembly to the head of a 
particular individual, a headpiece liner unit 85 is con 
structed substantially as shown in FIGS. 7 and 8, and 
the components of the liner unit are therefore identified 
with the same reference numbers as used in FIGS. 7 and 
8. The headpiece liner unit 85 is placed within a holder 
or fitting shell 90 which is formed by modifying an 
outer helmet shell similar to the outer shell 80 shown in 
FIG. 7. The fitting shell 90 is provided with a large top 
center opening 91 to provide convenient access to the 
holes 62 within the inner shell 60 for filling the internal 
cavity 65 with an expandable substantially rigid foam 
material as described above. The fitting shell is also 
provided with a hole 92 within each depending earpiece 
portion. 
The fitting shell 90 also supports a pair of earpiece 

liner units 95 which extend downwardly from the head 
piece liner unit 85 within the earpiece portions of the 
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shell 90. Each of the earpiece liner units 95 includes a 
deformable or flexible inner sheet 96 which is prefera 
bly formed by shaping a piece of leather or synthetic 
"breathable' sheet material. The outer peripheral edge 
portion of the formed or stretched leather sheet 96 is 
cemented to the peripheral lip portion 98 of an earpiece 
base member 102 which is formed or molded of a fiber 
glass material or of a vacuum form thermoplastic sheet 
material. 
The base member 102 of each earpiece liner unit 95 

includes a tubular portion 103 which projects out 
wardly through a corresponding hole 92 formed within 
the fitting shell 90. The base member 102 of each ear 
piece liner unit 95 is releasably attached to the inner 
surface of the fitting shell 90 by mating pads or strips 
106 of a mating hook and pile material sold under the 
trademark Velcro. An earcup 108 is releasably attached 
to the interliner sheet 106 of each earpiece liner unit 95 
by mating pads 95 of Velcro material. 
The inner flexible sheet 96 and connected base mem 

ber 102 of each earpiece liner unit 95 define therebe 
tween a cavity 115 which has an inlet defined by the 
tubular portion 103. A set of pads 116 and 117 of pre 
formed resilient foam material are cemented within 
upper and lower portions of the cavity 115 to form 
spacers for maintaining the general shape of the inner 
leather sheet 96 prior to fitting. 

After the headpiece liner unit.85 and the earpiece 
liner units 95 are inserted into the fitting shell 90, the 
assembly is positioned on the head of the individual for 
whom the liner units are to be custom fitted, as shown 
in FIG. 13. The dome-shaped cavity 65 within the head 
piece liner unit 85 is then filled with an expandable 
plastics foam material, as described above, which ex 
pands and hardens to fill the entire cavity and to con 
form the headpiece 55 to the contour of the wearer's 
head. An expandable resilient plastics foam material 125 
in the form of a liquid polyurethane is inserted into the 
cavity 115 of each of the earpiece liner units 95 through 
the corresponding tubular inlet portion 103. As the 
foam material expands, it presses the inner leather sheet 
96 of each earpiece liner unit 95 against the correspond 
ing side of the wearer's head with a uniform pressure so 
that each earpiece liner unit 95 also conforms to the 
individual's head. 
The expanded foam 125 within each earpiece liner 

unit 95 remains resilient after the material sets so that 
the inner leather sheet 96 of each earpiece liner unit may 
be conveniently depressed to remove the assembly of 
the fitting shell 90, the filled headpiece liner unit 85 and 
the filled earpiece liner units 95 from the wearer's head. 
After the headpiece and the earpiece liner units are 
contour-fitted to the wearer's head, the units are re 
moved from the fitting shell 90, and the tubular project 
ing portions 103 are cut from the earpiece liner units 95. 
The filled liner units 85 and 95 are then inserted into an 
outer safety helmet shell 130 which is substantially iden 
tical to the fitting shell 90 but without the top opening 
91 and the earpiece openings 92. As indicated in FIG. 
14, each of the earpiece units 95 is retained within the 
outer helmet shell 130 by pads 106 of Velcro material in 
the same manner as the units were temporarily retained 
within the fitting shell 90 during contour-fitting of the 
liner units. 
From the drawings and the above description, it is 

apparent that a safety helmet constructed in accordance 
with the present invention provides desirable features 
and advantages. One primary feature is that the inven 
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8 
tion provides for conveniently and quickly producing 
an individualized safety helmet which significantly in 
creases the safety for the wearer's head. This increased 
safety is caused by having an inner liner which con 
forms to the contour of the wearer's head and which 
significantly distributes an impact force more uniformly 
over an area of the head. The contoured liner also sub 
stantially eliminates shifting of the helmet on the wear 
er's head in addition to providing a high strength and 
light weight construction so that the helmet can be 
conveniently and comfortably worn for extended peri 
ods of time. 
The embodiment shown in FIGS. 3-6 provides for 

efficiently producing the helmet for an individual's 
head. That is, the assembly of the rigid shell 25 and 
stretchable headpiece 35 are simply positioned on an 
individual's head and held downwardly while the cav 
ity 45 is filled with a expandable plastics foam material. 
The embodiment shown in FIGS. 7-11 provides for 
significantly increasing the impact resistance and safety 
of the helmet by incorporating a rigid inner helmet shell 
60 spaced within a rigid outer helmet shell 80. In addi 
tion, the resilient foam pad 72 and band 74 not only 
provide for absorbing energy produced by an impact on 
the outer shell 80 but also provide for accommodating 
outer helmet shells 80 of different sizes and configura 
tions, simply by using resilient pads 72 and bands 74 of 
different thicknesses. The dual rigid shell construction 
is especially desirable for withstanding the blow of a 
pointed object. That is, if the pointed object has suffi 
cient momentum to pierce the outer shell 80, the inner 
rigid shell 60 provides a secondary barrier for resisting 
further travel of the object. 
As another important feature, the holder or fitting 

shell 90 illustrated in FIGS. 12 and 13 provides for 
conveniently and quickly fitting the headpiece liner unit 
85 and the earpiece liner units 95 to the contour of an 
individual's head. Furthermore, the individualized 
headpiece liner unit 85 and earpiece liner units 95 may 
be conveniently removed from the fitting shell 90 and 
inserted into a corresponding outer helmet shell 130, as 
illustrated in FIG. 14. Each of the earpiece liner units 95 
are not only contour-fitted to the sides of the wearer's 
head, but are also filled with a resilient expanded foam 
material which insures a positive and continuous 
contact of the corresponding earcup 108 with the skin 
surface of the wearer's head surrounding the ear. This 
positive contact and uniform pressure provide a com 
fortable enclosure for the ears and effectively block the 
passage of outside noise into the earcups from the sur 
rounding environment. 
While the forms of safety helmets herein described 

constitute preferred embodiments of the invention, it is 
to be understood that the invention is not limited to 
these precise forms of helmets, and that changes may be 
made therein without departing from the scope and 
spirit of the invention. 
The invention having thus been described, the fol 

lowing is claimed: 
1. A helmet assembly comprising a dome-shaped 

outer shell of substantially rigid material, a headpiece 
liner unit within said outer shell and including a dome 
shaped inner shell of generally uniform thickness, a 
deformable cap-like headpiece positioned within said 
inner shell to define a dome-shaped cavity between said 
headpiece and said inner shell, said headpiece being 
effective to contact the wearer's head and to conform to 
the contour of the wearer's head over the entire area 
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covered by said headpiece, means for securing the 
lower edge portion of the headpiece to the correspond 
ing lower edge portion of the inner shell, means for 
introducing an expandable foam material into the cavity 
of said headpiece liner unit, a pair of earpiece liner units 
disposed within said outer shell below said headpiece 
liner unit, each said earpiece liner unit including a de 
formable earpiece material connected to a base member 
to define a cavity therebetween, and means for intro 
ducing an expandable foam material into the cavity of 10 
each said earpiece liner unit. 

2. A helmet assembly as defined in claim 1 wherein 
each said earpiece liner unit includes a resilient ex 
panded foam material within the corresponding said 
cavity, and means for releasably securing each said 
earpiece liner unit to said outer helmet shell. 

3. A helmet assembly as defined in claim 1 including 
means for releasably retaining said headpiece liner unit 
and each of said earpiece liner units within said outer 
shell. 

4. A helmet assembly as defined in claim 3 wherein 
said outer shell comprises a fitting shell having means 
providing for introducing expandable plastics foam 
material into said cavity within said headpiece liner unit 
and said cavity within each said earpiece liner unit. 

5. A helmet assembly as defined in claim 4 wherein 
said fitting shell includes a top portion and dependable 
side earpiece portions, and each said portion has a hole 
for introducing an expandable plastics foa material. 

6. A helmet assembly as defined in claim 1 wherein 
said deformable earpiece material comprises a formed 
sheet of leather, said base member comprises a formed 
plastics material, and said leather sheet has a peripheral 
portion attached to an adjacent edge portion of said 
base member. 

7. A helmet assembly as defined in claim 1 wherein 
each of said earpiece liner units includes at least one 
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piece of preformed resilient foam material within the 
corresponding said cavity for positioning said earpiece 
material relative to said base member, 

8. A helmet assembly as defined in claim 1 wherein 
said deformable earpiece material of each said earpiece 
liner unit defines a recess, and an earcup is disposed 
within each said recess, 

9. A helmet assembly comprising a dome-shaped 
outer shell of substantially rigid material and having a 
top portion and depending ear portions, a headpiece 
liner unit within said outer shell and including a dome 
shaped inner shell of generally uniform thickness, a 
deformable cap-like headpiece positioned within said 
inner shell to define a dome-shaped cavity between said 
headpiece and said shell, said headpiece being effective 
to contact the wearer's head and to conform to the 
contour of the wearer's head over the entire area cov 
ered by said headpiece, means for securing the lower 
edge portion of the headpiece to the corresponding 
lower edge portion of the inner shell, a pair of earpiece 
liner units disposed within said ear portions of said outer 
shell below said headpiece liner unit, each said earpiece 
liner unit including means defining a cavity therein, and 
means defining openings within said top and ear por 
tions of said outer shell for introducing an expandable 
foam material into each said cavity of said headpiece 
liner unit and said earpiece liner units. 

10. A helmet assembly as defined in claim 9 including 
means for releasably securing said headpiece liner unit 
and each said earpiece liner unit within said outer hel 
met shell. 

11. A helmet assembly as defined in claim 9 including 
a substantially rigid expanded plastics foam material 
within said cavity of said headpiece liner unit, and a 
relative resilient expanded plastics foam material within 
said cavity of each said earpiece liner unit. 
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